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What is a Connected Lamp or Luminaire?

• No industry standard

• DOE SSL Program: controllable and intelligent SSL source (capable 
of using, or consuming data), one or more network interfaces, one 
or more sensors (i.e. data producers) 

• ENERGY STAR Connected Lamp (V2.0, Rev. Feb. 2016): An ENERGY 
STAR eligible connected lamp includes elements (hardware and 
software or firmware) or instructions required to enable 
communication in response to consumer-authorized energy or 
performance related commands and complies with all requirements 
for connected lamps in the specification. These elements may 
reside inside or outside of the base lamp.
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What is driving the emergence of Connected Lighting?

• Significant technology 
trends driving performance 
improvements and cost 
reductions
– Computing

– Mobile

– Intelligence (i.e. 
microcontrollers), network 
interfaces, and sensors

• Solid-State Lighting

• Emergence of cloud storage, 
computing

• Focus on systems and data
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What can Connected Lighting products do today?

• Dimming

• Dim-to-warm

• White or color tuning

• Notification

• Sensing

• Indoor positioning

• Energy reporting
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Where might Connected Lighting go in the (near?) future?
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How might connected Lighting Systems change lighting?
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Opportunity
Enabling intelligent lighting devices with (the right type and 
amount of) data can result in reduced energy consumption and 
improved lighting performance

The collected data may enable other revenue streams that 
compete with lighting and energy performance. Threat
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What can we do to accelerate Connected Lighting?

Collaborations

• Industry Consortia
• Energy Efficiency Programs
• Lighting system designers, 

integrators

Technology Development

• Energy reporting 
• Interoperability
• System configuration
• Key new features e.g. “non-

energy benefits”
• Standards and specifications

Technology Deployment

• Real-world performance
• User engagement and education
• High performance product 

identification

Outcomes

• Increased adoption, viable 
business models

• Data-driven energy management 
• Transactive energy markets
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Energy reporting: why?

• Enable new market opportunities
– Energy billing for devices currently on flat-rate tariffs

– Pay-for-performance energy efficiency incentives

– Lower cost, more accurate energy savings validation for service-based 
business models

– Self-characterization of available (i.e. marketable) “building energy 
services” 

– Verified delivery of utility incented energy transactions e.g. peak and 
other demand response

• Reduce energy consumption
– Data-driven energy management

– Transactive energy markets



9

Data driven performance management
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Energy reporting: how?

• Identification of major 
energy data use cases

• Consideration of 
implementation cost vs. 
performance trade-offs

• One or more sets of 
accuracy, precision 
requirements that meet use 
case needs

• Standard accuracy classes, 
test & measurement 
methods, pass/fail criteria
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Interoperability: what?

• Compatibility: The ability of two or more devices, 
applications, networks, or systems to coexist in the same 
physical environment – that is, operate without corrupting, 
interfering with, or hindering the operation of the other 
entity.

• Interoperability: The ability of two or more devices, 
applications, networks, or systems to work together, and 
(more specifically) to reliably and securely exchange and 
readily use data with a common shared meaning. 

• Interchangeability: The ability of two or more devices, 
applications, networks, or systems to be physically exchanged 
for each other and provide a defined level of identical 
operation without additional configuration.
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Interoperability: what?
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There are many possible levels of interoperability
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Interoperability: why?

• Facilitates competition

• Facilitates collaboration

• Reduces risk 

• Enables choice

• Enables integration

• Reduces cost

• Facilitates greater data exchange

• Facilitates more sophisticated 
automation, and thereby 
improved performance and user 
satisfaction
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There is an app for that … 

… but how many 
apps, networks, 
systems do you 

want to manage?
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It’s déjà vu all over again?
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Interoperability: why now?

Compatibility

1) Interference with 
broadcast or 
communication 
networks (e.g. FCC, 
CISPR)

2) Phase control and 
SSL source issues (e.g. 
NEMA SSL-7a)

Interoperability

1) 0-10V, DALI

2) ZigBee, EnOcean

3) Connected Lighting 
Alliance, TALQ, ANSI 
C137, AllJoyn, many 
others…

Interchangeability

1) ANSI bases

2) Electrical, 
mechanical, thermal 
interfaces (e.g. Zhaga)

3) ANSI C137?

2010 2015 2020?
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Interoperability: how?

• Leverage, lean on industry 
consortia and standard 
development organizations 
(SDO’s)

• Let technology providers 
and the market pick winners

• Characterize and promote 
maturity (e.g. compliance 
testing programs, 
databases)

• Identify priorities

• Focus: Useable data

• Application layer i.e. 
information models

• Start with API’s

• Power and energy data

• Key non-energy or non-
lighting data opportunities?
– Lighting quality

– Human factors

– Non-energy benefits

– Non-lighting systems
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A black box device model
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Example: LonMark data model
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Example: LonMark data model



22

Example: AllSeen Alliance data model

https://wiki.allseenalliance.org/tsc/connected_lighting
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Example: AllSeen Alliance data model

https://wiki.allseenalliance.org/tsc/connected_lighting
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Example OCF/OIC data models:

#%RAML 0.8
title: OICIlluminanceSensor
version: v1.1.0-20160229
documentation:

- title: © 2016 Open Interconnect Consortium, Inc. All rights reserved.
content: |

Redistribution and use in source and binary forms, with or without modification, are permitted 
provided that the following conditions are met:

1.  Redistributions of source code must retain the above copyright notice, this list of conditions and 
the following disclaimer.

2.  Redistributions in binary form must reproduce the above copyright notice, this list of conditions 
and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE OPEN INTERCONNECT CONSORTIUM, INC. "AS IS" AND ANY 
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE OR WARRANTIES OF NON-INFRINGEMENT, 
ARE DISCLAIMED. IN NO EVENT SHALL THE OPEN INTERCONNECT CONSORTIUM, INC. OR CONTRIBUTORS 
BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES 
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, 
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN 
ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
schemas:

- Illuminance: !include oic.r.sensor.illuminance.json
traits:

- interface:
queryParameters:

if:
enum: ["oic.if.s","oic.if.baseline"]

/IlluminanceSensorResURI:
description: |

This resource describes an illuminance sensor
illuminance is a float and represents the sensed luminous flux per unit area in lux.

displayName: Illuminance Sensor
is: [ interface ] # valid for all methods

get:
responses:

200:
body:

application/json:
schema: Illuminance
example: |

{
"rt":           "oic.r.sensor.illuminance",
"id":           "unique_example_id",
"illuminance":  450

}

#%RAML 0.8
title: OICMotionSensor
version: v1.1.0-20160229
documentation:

- title: © 2016 Open Interconnect Consortium, Inc. All rights reserved.
content: |

Redistribution and use in source and binary forms, with or without modification, are permitted 
provided that the following conditions are met:

1.  Redistributions of source code must retain the above copyright notice, this list of conditions and 
the following disclaimer.

2.  Redistributions in binary form must reproduce the above copyright notice, this list of conditions 
and the following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE OPEN INTERCONNECT CONSORTIUM, INC. "AS IS" AND ANY 
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE OR WARRANTIES OF NON-INFRINGEMENT, 
ARE DISCLAIMED. IN NO EVENT SHALL THE OPEN INTERCONNECT CONSORTIUM, INC. OR CONTRIBUTORS 
BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES 
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, 
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN 
ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
schemas:

- Motion: !include oic.r.sensor.motion.json
traits:

- interface:
queryParameters:

if:
enum: ["oic.if.s","oic.if.baseline"]

/MotionResURI:
description: |

This resource describes whether motion has been sensed or not.
The value is a boolean.
A value of True means that motion has been sensed.
A value of False means that motion not been sensed.

displayName: Motion Sensor
is: [ interface ] # valid for all methods

get:
responses:

200:
body:

application/json:
schema: Motion
example: |

{
"rt":    "oic.r.sensor.motion",
"id":    "unique_example_id",
"value": true

}
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The path to mature interoperability standards

Mature Standard

1) Goal definition

2) Specification

3) Specification 
Verification

4) Broad 
Manufacturer 

Adoption

5) Compliance 
Testing Program

6) Open 
Standardization

7) Broad Market 
Adoption

multiple

iterations
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ENERGY STAR Lamp V2.0 Specifications
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ENERGY STAR Lamp V2.0 Specifications
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ENERGY STAR Lamp V2.0 Specifications
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ENERGY STAR Lamp V2.0 Specifications
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Future Connected Lighting Specification Considerations 

• Energy reporting accuracy determined according to industry 
standard (perhaps ANSI C137.XX)

• User interface requirements (e.g. industry standard white or color 
picker)

• Compliance with a qualified or industry standard Data/Information 
Model for energy data/information

• Reporting of other data/information (e.g. occupancy, ambient 
lighting, environmental conditions)

• Compliance with a qualified or industry standard Data/Information 
Model for other data/information

• Certified compliance with industry standard or industry consortia 
interoperability specification
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